Abstract
In view of the above results, there is a clear link between exposure to low temperatures and 18 resistance to freezing. In natural environments, frosts are often preceded by periods of very 19 low temperatures, so this hypothesis is meaningful from an evolutionary point of view. 20 However, there are still some aspects that should be clarified. For example, there is no 21 evidence about the possible function of glycogen in cold response, and a better explanation is 22 needed for the protective role of trehalose at 0ºC, a temperature at which cells are not frozen. 23
On the other hand, the function of DAN/TIR and PAU family proteins remains unclear. 24
Future work will contribute to clarifying the dual aspects of cold-shock responses, as a way to 25 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The cold signal and cold-sensing mechanism 4 For transcriptional activation to be triggered, yeast cells must sense temperature downshifts. 5
Evidence indicates that changes in the physical state of the membrane could be perceived as a 6 primary signal of a variation in temperature (Vigh et al., 1998) . This concept was first put 7 forward by Carratù et al. (1996) , who demonstrated that a membrane lipid perturbation causes 8 a signal to be triggered, inducing the transcription of heat-shock genes in yeast. Based on this 9 finding and additional evidence, the group of Murata demonstrated that, in the cyanobacteria 10 Synechocystis, a drop in temperature causes a reduction of the membrane fluidity, and this 11 fact plays a role in the perception of cold temperatures and the subsequent signal transduction 12 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 that the basic mechanism of its activation by low temperature and osmotic pressure could be 15 similar, or even identical. 16 The fluidity state of the cell membrane might be a key factor to integrate the sensing 17 mechanism of cold and hyperosmolarity. There is evidence that different osmosensors, like 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   12 view. However, more work is required to confirm this idea and to understand the exact 1 molecular mechanism of cold-signal perception. Signal transduction pathways are the link between the sensing mechanism and the genetic 5 response. As is the case for the cold signalling mechanism, to date there is not a signal 6 transduction pathway or transcription factor known to respond exclusively to low 7 temperatures. Although the existence of such a pathway cannot be ruled out, available data 8 point to known signal transduction mechanisms, operating under other kinds of stimuli, which 9 may also be triggered by cold stress. We shall now go on to describe putative and known 10 regulatory mechanisms controlling cold-instigated gene expression. (Fig. 2) . 25 Fig. 2 ). Spt23p appears to play a major role in fatty acid regulation, whereas Mga2p is 9 known to be essential for the hypoxic induction of OLE1 through a consensus sequence 10 named LORE (for Low-Oxygen Response Element) (Jiang et al., 2001 ). This sequence is also 11 found in several genes induced by hypoxia, including TIR1. All these genes could, therefore, 12 (Fig. 2) . 16 Moreover, Mga2p could also play a role as a cold-sensor, as previously postulated 17 (Nakagawa et al., 2002) . This hypothesis was construed on the basis that a novel pathway has 18 been described in S. cerevisiae, the so 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Bni1p activation during bud growth, also confer sensitivity to low temperatures (Imai et al., 3 1996) . 4
PKC may also play a role in connexion with the cAMP-PKA pathway. Evidence of this 5 interaction has been provided by Park and co-workers (Park et al., 2005b) . These authors 6 demonstrated that Rom2p can negatively regulate the Ras-cAMP pathway by controlling the 7 cAMP levels. Thus, a rom2 null mutant showed sensitivity to freeze stress, a phenotype that 8 was suppressed by additional mutation of RAS2 or in a tpk1 tpk2 background. On the 9 contrary, the absence of either IRA2 or PDE2 exacerbated the freeze-sensitivity phenotype of 10 the single rom2 mutant. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Cdc55p and Tpd3p may play a role in cold response, and that the transcription factors 13
Msn2/4p mediate the TOR signalling (Fig. 3, pathway 2) . Hence, the cold-provoked induction 14 of Msn2/4p-dependent genes would be signalled through TOR, as well as via the PKA 15 pathway. In this respect, it has recently been proposed that the cAMP-PKA pathway is a TOR 16 effector branch (Schmelzle et al., 2004) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Similarly, known sensing molecules, signal transduction machinery and transcription factors 7 that mediate the genetic response to other stressful conditions, appear to be involved in cold 8 response. However, cold activation of several signalling pathways might be indirect. In this 9
way, the loss in membrane fluidity, as a physical consequence of exposure to low 10 temperatures, would diminish the protein mobility of integral membrane proteins, like amino 11 acid transporters, and be interpreted by the cells as a situation of nutrient starvation. 12
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